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T HE Educational Resources Information Center 
(ERIC) comprises a network of decentralized 
clearinghouses in various locations throughout the 
United States. Each center focuses on a specific area 
of education and organizes its own program of acquir- 
ing, abstracting, indexing, storing, retrieving, and 
evaluating significant materials in the individual fields 
of interest. The clearinghouse for science education is 
located at Ohio State University in Columbus, Ohio. 
Since July 1966, a limited number of documents 
selected and catalogued by each clearinghouse have 
been announced in the monthly publication of ERIC, 
Research in Education. The science education clear- 
inghouse of ERIC is of particular interest to elemen- 
tary teachers since it is designed to help teachers keep 
informed of new instructional techniques and mate- 
rials. For further information about the center and 
its services, teachers are encouraged to write to the 
authors. This article is the second one published in 
S&C designed to acquaint our readers with research 
being done in elementary school science. 



T HERE is little doubt that science has a place in the 
elementary school. This position has become more 
firmly established in recent years; however, what that place 
is seems not at all clear from the research studies which 
have been undertaken and are reviewed in this article. If 
science were removed from the elementary school curricu- 
lum, it is difficult to know what would be lost because there 
is a lack of adequate and appropriate research which exam- 
ines the actual outcomes of science instruction. Instructional 
procedures selected for study by researchers seem to be 
chosen on the basis of whim or tradition rather than from 
a firmly established proposition that if a certain procedure 
is used then definite, specifiable, and desirable outcomes 
will be the end result. 



APRIL 1969 



The authors found it necessary, while reviewing the 
available research literature, to sketch a working model of 
the complete instructional process. It was then possible 
to match any given research study to that part of the model 
being investigated, and also relate its relevance to the total 
instructional picture. The reviewers are aware that this 
practice may impose a model on a researcher to which he 
may not subscribe. However, very few researchers estab- 
lished clearly which part of the instructional process they 
were attempting to investigate. 

The fact that there seemed to be no common model 
among researchers as to what constitutes instruction made 
it difficult for the authors to draw together a number of 
studies and make common generalizations regarding them. 
Also, there was some confusion over terminology used by 
investigators to describe the instructional process, and 
there seems to be an urgent need for a common set of 
terms to describe both the instructional procedure and the 
expected outcomes of the instructional sequence. More 
basically perhaps, what is required is a viable instructional 
theory which can act as a common springboard for re- 
search; however, until this is achieved, a common set of 
terms based on a functional model of instruction would 
help greatly in bringing order to the field of educational 
research. 

Science is taught in the elementary school presumably 
because it is expected to bring about pupil growth in the 
cognitive, affective, and psychomotor domains of knowl- 
edge — a growth not as easily achieved through another 
content area. Evidence of such growth can only be ob- 
served through desirable changes in pupil behavior — so 
before embarking on any instructional sequence, it should 
be possible to define what behavior changes to expect, and 
after the sequence, be able to measure if they occur. Any 
learning experience will provide unexpected and unmeasur- 
able (at least for the present) changes in behavior; how- 
ever, this is not sufficient rerson to neglect all attempts 
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at measuring expected pupil growth. Only rarely did the 
authors review studies which paid close attention to the 
dual problems of devising a procedure to produce certain 
specified outcomes, and then measuring to see whether the 
outcomes have been attained. 

The working model of the instructional process against 
which the research studies were reviewed is shown in the 
accompanying chart. This chart is provided for the reader 
not because it is complete, nor even completely accurate, 
but because it was useful to the reviewers for pinpointing 
those aspects of instruction being researched, and helped 
them in deciding quickly whether the researcher had ac- 
counted for all the variables which could influence instruc- 
tion and its outcomes. 

The boxes on the left represent three important inputs 
which help decide which instructional procedure should 
be used. The instructional materials and media available, 
the characteristics of the pupils to be taught, and the per- 
sonalities and other traits of the teachers are relatively 
constant factors in any given instructional situation. The 
two major variables are the possible instructional means 



and the expected outcomes. For example, if an outcome 
like creativity is desired, then it is unlikely that a conven- 
tional class — teacher-didactic situation — will produce the 
greatest gains. So, if expected outcomes are defined, they 
help determine the instructional procedure to be used 
within the constraints imposed by the characteristics and 
behaviors of both the teachers and pupils, and the instruc- 
tional materials and media available. 

Once an instructional procedure has been established 
and used to teach children, then certain outcomes are 
attained. These outcomes are evaluated, usually by some 
form of testing, against the outcomes exper d when the 
procedure was designed. How closely the outcomes at- 
tained match the outcomes expected will give some indi- 
cation of what changes are needed in the instructional 
procedure chosen. 

In reviewing the research, the model was used in the 



* At the end of any instructional sequence, the inputs, e.g., student 
or teacher characteristics and behaviors have been changed by the 
sequence end this will have to be taken into account when planning 
the next. 
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following way: There are four major sets of variables which 
may affect the outcomes of instruction — the instructional 
materials and media used, pupil characteristics and be- 
haviors, teacher characteristics and behaviors, and the in- 
structional means chosen. To know whether a particular 
instructional means (e.g., a problem-solving method) does 
produce the change in behavior indicating the desired out- 
come, then all the other factors must be held constant or 
allowed for in the research design before one can be rea- 
sonably certain that it was the instruction and not some 
other variable which produced the change. Any one of 
the components of each of the four areas could be investi- 
gated in this way. If, in a comparative study, one wanted 
to investigate the effect of pupil socioeconomic background 
on the outcomes of a particular instructional sequence, then 
all other student characteristics must be controlled, the 
teachers should have essentially the same characteristics 
and philosophies, and the materials used must be identical 
in all classes taught the method. 

This complex arrangement of variables which can de- 
velop may help the elementary school teacher understand 
some of the problems of research in this area. In fairness, 
it must be pointed out that most researchers coped very 
well with all the variables. Randomization .of pupil popula- 
tions is a much more effective way of controlling student 
characteristics than identifying matched pairs, and was 
used in many studies. Major objections to many of the 
designs were in terms of teacher characteristics not being 
fully controlled, and the instructional sequence not used 
for a long enough time in many cases for marked gains to 
be noted. No doubt these weaknesses are partly due to the 
problem that much of the research reviewed was done for 
doctoral dissertation purposes, where the rush to “get fin- 
ished” was a contributing factor. 

The reviewers found it necessary to place arbitrary limits 
on the studies reviewed so that the field could be contained 
in manageable form. In general, only studies reported 
after 1960 were examined, and from these only those 
studies which attempted some objective evaluation of the 
outcomes of an instructional sequence are discussed in 
detail in this article. Likewise, studies which were designed 
to test various aspects of learning theory, although they 
may have used a novel instructional procedure to do this, 
were ignored. Learning theory forms an important basis 
for designing an instructional procedure, but it has only an 
indirect effect on classroom teaching. 

A number of classification systems could have been 
chosen in terms of the model to systematize the widely 
divergent research studies encountered. Four variables 
seemed to stand out, namely: the instructional procedure 
Used, the outcomes evaluated, the subject matter taught, 
and the grade level of instruction. In practice only the first 
two remained relevant. The choice of subject matter in 
most cases seemed quite arbitrary, and when grade level 
was considered, more than 95 percent of the studies in- 
volved grades 4-6 and the bulk of this attention was directed 
at grade 6. 

The studies are reviewed in terms of whether they 
focused on the instructional procedure, e.g., inductive or 
deductive, individualized instruction, programed instruc- 
tion, or whether the studies focused on outcomes, e.g., de- 
velopment of concepts, attitudes, problem-solving skills, 
creativity, or understanding content. It was surprising to 
find the outcome category “development of psychomotor 
skills” void, since it might be expected that this would be 
an important area to be developed in elementary school 
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science. No information was obtained concerning hat 
manipulative skills in science can be developed in ele- 
mentary school children, nor whether a hierarchy of such 
skills can be identified. This area requires much more 
basic research. 

A number of “status” studies were identified. School 
systems were surveyed for procedures used, e.g., Snoble 
( 1 1 3 ) 1 and Swan (120), or wider surveys of national prac- 
tices were made, e.g., those by McCloskey (79), Moore- 
head (83), Smith and Cooper (111), Blackwood (13), 
Stokes (116), and Melis (81). 

These status studies are in a sense reviews themselves 
and provide sound statements of the position in the areas 
mentioned. They are not discussed further in this article, 
but are cited as useful sources for the interested reader. 

Only one study was identified which attempted evalua- 
tion of one of the newer course improvement projects in 
elementary science. This study was undertaken by Wal- 
besser, et al (126) and the American Association for the 
Advancement of Science in their comprehensive study of 
Science — A Process Approach. An evaluation model was 
posed which described expected learner behaviors and 
established what might be accepted as evidence of learner 
accomplishment. Evaluation in these terms allows for 
objective comparisons of courses, gives objective evidence 
that learning has occurred, and makes independent repli- 
cation of the findings possible. 

The behavioral objectives of each instructional sequence 
were clearly identified, and they were evaluated by deter- 
mining the percentage of pupils acquiring a certain stand- 
ard percentage of specified behaviors, and comparing this 
to an established level of expectation. From this informa- 
tion, feedback to improve the instructional sequence was 
constantly available. For example, an arbitrary 90/90 
(90 percent of students acquire 90 percent of the pre- 
scribed behaviors) was chosen as the standard. If the 
standard attained by pupils were lower than this, then 
modifications were made to the instructional sequence. 

Specific findings of the evaluation were too varied and 
far reaching to be described in a review of this nature; 
however, it is the model provided by the evaluation, 
rather than the results which are important. Much has 
been said and written about the efficacy of stating objec- 
tives in behavioral terms. This study gives concrete evi- 
dence that this is so. 

Comparative Studies: Traditional vs. Nontraditional 

In this section are reviewed those studies which com- 
pared outcomes obtained when the same body of content is 
taught by two methods. A “conventional” or “traditional” 
method was the usual standard of comparison, although 
what researchers meant by these terms was not always 
clear. Methods investigated included “inductive,” “directed 
self-discovery,” a “field method,” “democratic,” and “prob- 
lem solving.” It was in this area of comparison studies 
that the reviewers had the most concern regarding the 
research design. It is extremely difficult in such circum- 
stances to control all the variables which may affect 
instruction. A study by Brudzynski (16) illustrates this 
point. He compared an inductive method where pupils 
learned concepts by “directed self-discovery” in a pupil- 
centered atmosphere to a “lecture-demonstration” teacher- 
centered one. The “inductive” method favored above- 
average students while the “lecture-demonstration” method 



1 See references. 
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favored average and below average students in the fifth- 
and sixth-grade population studied. These differences need 
not be ascribed to the particular instructional method. 
Teacher expectation may have been far more important. 
The less-able students may not be “expected” by the 
teacher, perhaps subconsciously, to perform as well in a 
self-directed situation. He may act in the classroom 
accordingly and this subconscious expectation could affect 
the outcomes of the students more than the instructional 
procedure used. 

Anklam (5) identified the teachers who liked to use 
“democratic” instructional methods and those who pre- 
ferred a more “autocratic” approach. No significant differ- 
ences in achievement motivation existed between the groups 
of pupils taught in each of these environments. This find- 
ing points clearly to the importance of teacher character- 
istics and behaviors to the whole instructional procedure, 
and the danger of imposing a particular procedure upon 
teachers who do not have the personal characteristics to 
teach it. In this study, the teachers investigated had adopted 
a style of teaching which suited them. Even though the 
simplicity of the democratic-autocratic dichotomy may be 
doubted, the study did show that teachers performing 
within a frame of reference which they have built for 
themselves, motivated students equally. What is needed 
is research into determining instructional procedures which 
suit different personality types, rather than research directed 
to finding one procedure “best” for all teachers. 

Other studies where no significant differences were 
found between methods used included Gerne (51) who 
compared a traditional textbook method with a method 
utilizing a specially designed board to teach electricity and 
magnetism, and one by Bennett (10) who compared a field 
method with a classroom method for teaching ecology. 
Smith (110) compared a lecture-demonstration style of 
teaching carried out in a classroom to teaching in a plane- 
tarium for presenting a lesson on astronomy concepts to 
sixth-grade pupils. Children in the classroom achieved 
significantly higher than those taught in the planetarium. 
These studies suggest that the use of any visual aid or 
direct experience will not necessarily of itself produce 
significant outcome gains in children. 

Carpenter (24) used fourth-grade pupils to compare a 
“textbook recitation method” with a “problem method.” 
In effect, the textbook method included no demonstrations 
while the problem method was based on classroom demon- 
stration and experimentation. Achievement of content 
gains were strongly in favor of the problem-solving method 
for teaching units on “magnetism” and “adaption of ani- 
mals.” This finding was even more definite for the slower 
learners — who were, in general, poor readers. 

Pershern (91) investigated student achievement out- 
comes obtained by integrating industrial-arts activities with 
science instruction in grades 4, 5, 6. He used electricity and 
machines as his content vehicles and found significant gains 
in favor of integration for the electricity unit, but no sig- 
nificant differences for the machines unit. Integration seems 
to add an important dimension to instruction, and may 
prove a useful approach for further research. 

It is difficult to generalize from comparison studies, how- 
ever, it seems that pupil activity and pupil-performed 
experiments are important prerequisites to the effective 
learning of science concepts. Instructional procedures 
where the responsibility for the conceptual leap is placed 
upon the child, as in problem solving and inductive meth- 
ods, do seem to bring about more significant achievement 
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gains than do those methods where the teacher or the text 
material provides the concept. It appears that for these in- 
ductive methods to be fully effective, the teacher must have 
a certain teaching philosophy and a certain set of personal 
characteristics. 

Audiovisual Aids 

The bulk of the research in this area involved the use of 
television and movie film in the classroom. How these 
aids Can best be used in an instructional situation, what 
their effect is on student achievement and attitudes, and 
how they can improve classroom instruction are all ques- 
tions to which research has been directed. Much of the 
research was of the “direct-comparison” type where con- 
trol of all variables is extremely difficult. Conclusions 
based on such studies should be viewed with some caution. 

Bickel (12), Decker (36), and Skinner (109) investi- 
gated changes in attitude, achievement, and interest in chil- 
dren following television instruction. Bickel (12) found 
no significant differences in the learning outcomes of his 
fourth-, fifth-, and sixth-grade pupils taught science by 
closed-circuit television incorporating a “talk-back” facility 
and teacher follow-up, when compared with students taught 
science without the aid of television. 

Skinner (109) compared two television presentations for 
two separate groups of fifth graders. In one presentation 
a problem was identified, and many questions were posed 
which were not answered in the lesson. In this way, it was 
hoped that pupils’ curiosity and interest in science would 
be aroused. The other presentation included the same 
materials, but used a direct expository teaching style with 
very few questions. Teacher follow-up of these lessons 
was either a modified inquiry session where the teacher 
answered only pupils’ questions or a typical discussion ses- 
sion with teacher and pupils participating fully. Skinner 
found that pupils who experienced the television presenta- 
tion with unanswered questions, regardless of teacher 
follow-up, achieved significantly higher than pupils who 
viewed “explanation” on television. 

Decker (36), like Skinner, also worked with fifth 
graders and followed a somewhat similar procedure. He 
prepared two sets of ten half-hour television programs 
using the same materials for each. One set stressed pro- 
viding information, concepts, and generalizations while the 
other stressed the posing of problems. No significant diff- 
erences in pupil achievement were detected, so Decker 
concluded that the problem-solving method was as effec- 
tive as the information-giving method in teaching natural 
science. 

These conflicting results of Skinner and Decker, where 
one finds a significant difference in one and no significant 
difference in the other, point clearly to the difficulties asso- 
ciated with these direct-comparison type studies. They 
oversimplify the learning process and do not take into 
account how individual student needs, interests, and abili- 
ties interact with instruction. An instructional method 
which may be in tune with the profile of characteristics of 
one group of students in the class may be out of tune with 
another, so any gains obtained with one group will be offset 
by the losses in the other, and no significant differences 
are detected. Research on instructional procedures must 
be increasingly multi-dimensional, since no one method of 
instruction can be considered “best” for all students. 

Bornhorst and Hosford (15) investigated television in- 
struction at the third-grade level by comparing the achieve- 
ment of a group of television-taught pupils with a group 
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